• The capacity of the kidney to affect systemic blood pressure through the elaboration of a pressor substance has been recognized since the discovery of renin by Tigerstedt and Bergman 1 in 1898. During the past decade, increasing evidence has accumulated demonstrating the activation of the renin-angiotensin pressor mechanism in both man and animals during disease or experimental conditions associated with alterations in systemic and renal hemodynamics. 2 The possibility that renin may have a physiological as well as a pathophysiological role deserves continued study. Evidence recently reviewed by Tobian suggests that renin may serve as a humoral link between the kidney and adrenal cortex in the regulation of water and electrolyte balance. Unfortunately, the direct experimental approach, i.e., the measurement of circulating levels of pressor agent, continues to present the technical difficulties of sampling, identification, and assay of minute amounts of circulating pressor substance. An alternate approach to these problems is the use of antirenin to block in vivo the reninangiotensin system and, thereby, allow the evaluation of the role of this pressor mechanism in both normal and abnormal states.
This report summarizes studies conducted by this research group relating to three parameters-blood pressure, antirenin titer, and renal renin concentration-in normotensive, acute and chronic experimental renal hypertensive, and-spontaneous hypertensive dogs, sacrificed at varying levels of neutralizing antibody (antirenin) produced by injections of hog kidney extracts containing renin. Earlier reports 4 have demonstrated that sufficient levels of antirenin can prevent or lower the blood pressure elevations secondary to partial constriction of the renal arteries.
These data provide additional evidence to confirm earlier observations by Wakerlin and associates, 5 
"
7 and more recently by Haas and Goldblatt, 8 that the kidney is remarkably labile in regard to its renin content and, by inference, to its production and secretion. These findings show that the renin content of dog kidney will increase many-fold above control levels in the presence of antibody capable of neutralizing the endogenous renin of the animal.
Methods
Many of the methods used in these studies have been presented in greater detail elsewhere 4 and, therefore, will be summarized only.
Adult mongrel dogs of both sexes, weighing 10 to 15 Kg. and approximately one to four years of age, were used in the normotensive (table  1) and acute experimental renal hypertensive  (table 2) studies. The chronic renal hypertensive (table 2) and spontaneous hypertensive (table  3) dogs had been treated previously with hog kidney extracts during earlier experiments by the research group prior to this terminal experiment. Normotensive young goats, four receiving dog renin and one, hog renin, were used to study the effect of renin injections on an animal the endogenous renin of which demonstrates species specificity and is, therefore, not neutralized by antirenin formed against dog or hog renin.
Injections of hog renins and control saline solutions were by sterile technique daily, excluding Sundays and holidays, into the shaved buttock region and were continued until the animal was sacrificed. Mean blood pressure was obtained at weekly or biweekly intervals by puncture of the fpmornl artery with a 20-gauge needle and measured with a Tyco aneroid manometer with a salineair interface, usually 5 cm. above the artery. Samples of plasma for antirenin determinations were obtained at approximately monthly intervals or oftener when indicated, from either the femoral artery or vein, and usually stored for several days in a refrigerator at 4 C. until bioassay. On several occasions, repeated assay of the same sample did not show a loss of antirenin activity over a four-week period.
Operative procedures were carried out under sterile conditions using intravenous pentobarbital sodium (30 mg./Kg.) anesthesia with morphine sulfate (2 mg./Kg.) for premedieation. Experimental hypertension was produced in the animals by a standardized modification of the Goldblatt technique. Bilaternl partial renal artery constriction was carried out at three-week intervals, starting with the right kidney, through retroperitoneal flank incisions. This method produces a 20 per cent incidence of malignant hypertension. Nephreetomy was also performed with sterile technique and a similar approach.
Hog and dog kidney extracts containing renin were prepared from fresh whole kidneys or from Circulation Research, Volume X, April 1962 fresh kidney cortex using a modification of the Haas procedure. 9 The final extract usually had a renin purity of 100 to 150 dog units"/mg. protein N. Animals received a dose of 5 to 10 D.U./Kg. body weight from a solution containing 25 D.U./cc. Except for infrequent localized infection at the injection site, these solutions were free from toxic reactions. Benin supplies were stored in the lyophilized state until put into solution for use, at which time 0.5 per cent phenol was added as a preservative.
Extracts of the kidneys removed at operation were prepared in the following manner for renin bioassay: The individual kidneys were stripped of their capsules, weighed, and chopped into small pieces. These were defatted and dehydrated by three successive baths of acetone (6 cc./Gm. kidney tissue) for approximately IS hours each at -6 C. followed by two baths of ether (3 cc./Gm. kidney tissue) for 12 hours each at -6 C. The material was dried in a desiccator, weighed to determine dry/wet weight ratio, then ground into *Goldblatt dog unit (D.TJ.) : that amount of renin which will give a 30 mm. Hg elevation of mean blood pressure on intravenous injection into trained, unanestlietized dogs. a fine powdei' and the renin extracted by suspension of 1 Gin. powder in 15 ee. distilled water over night at 4 C. The filtrate was adjusted to pH 4.0 with 1 N HC1 and filtered before assay to remove inert protein and prevent depressor effects. The assay value of renin content was corrected to a standard/di-y weight ratio of 20 per cent and expressed as number of dog units of renin/G-m. fresh kidney tissue. Bioassay of both renin and antirenin samples was performed in bilaterally nephrectomized dogs using the pressor response of a standard hog renin solution (2 D.U./cc.) for comparison. 4 The amount of antirenin present in serum was determined by comparing the difference between an injection of renin standard and an injection of a standard amount of renin mixed with a known amount of the serum sample, into the assay animal. One antirenin unit (A. U.) is, by definition, that amount capable of neutralizing completely the pressor response of 1 dog unit of renin, after incubation at room temperature for 10 minutes before bioassay. All samples were assayed in at least two dogs and had to agree within 20 per cent for acceptance.
Results
The hog renin-treated animals were sacrificed over a wide range of antirenin liters; therefore, tables 1 and 2 give individual values of blood pressure, renal renin concentration, and antirenin titer for each hog renintreated dog. The saline-treated control dogs, however, represent homogenous samples, and blood pressure and renal renin concentration are reported as the mean and standard error. The averages of the renal renin concentration of the right and left kidneys of each hog renin-treated dog in tables 1 and 2 are plotted against the corresponding antirenin titer in figure 1 . The blood pressure values in the tables represent the mean of 10 consecutive determinations except in a few instances when Circulation Research, Volume X, Avril 196S this number of determinations was not available before sacrifice in the acute experimental renal hypertensive dogs.
In order to determine whether a difference existed between the acute and chronic renal artery constricted dog with respect to the amount of renal renin at different antirenin titers, one group (acute experimental renal hypertensive) was treated with hog renins and formed antirenin prior to renal artery constriction and bilateral nephrectomy one month after operation. A second group (chronic experimental renal hypertensive) was subjected to renal artery constriction and development of hypertension prior to renin treatment and antirenin formation. These animals were nephrectomized 5 to 91 months after operation. As seen in figure 1 , no significant difference is apparent between the acute and chronic experimental renal hypertensive animals and both groups have been combined in table 2 and listed in order of increasing antirenin titer.
A significant relationship is found between the antirenin titer and renal renin concentration in both the normotensive (table 1) and renal hypertensive (table 2) animals treated with hog renins. The correlation coefficient (r) between the antirenin titers and the average renal renin concentrations of the right and left kidneys is 0.808 (Z J < 0.001) for the nonnotensive animals and 0.661 (P < 0.01) for the combined experimental renal hypertensive animals. The saline-treated controls for each group have a mean renal renin concentration decidedly lower than the hog renin-treated animals exhibiting serum antirenin.
The antirenin-renal renin relationship appears to be linear ( fig. 1) , and a significant difference exists in this relationship between the normotensive and renal hypertensive groups. The normotensive animals demonstrate greater amounts of renal renin at lower antirenin titers than the renal artery constricted animals. The experimental significance of this finding, however, is difficult to evaluate in view of the limited data and inability to evaluate, on a functional basis, the parenchymal changes following partial constriction of the renal artery.
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FIGURE 1
Relation of renal renin concentration to serum antirenin titer. The average renin concentration of the right and left kidneys of each hog renintreated normotensive (
It is of interest to note that the presence of high titers of antirenin, in amounts known to be capable of neutralizing the pressor activity of the renin-angiotensin system in vivo, did not change significantly from control values the blood pressure level of the normotensive group (table 1). The saline-treated control animals of table 2 exhibit a significant increase in blood pressure to hypertensive levels following partial renal artery occlusion. The acute hypertensive group (table 2) received injections and developed antirenin prior to partial renal artery constriction; in consequence, animals with a sufficient level of antirenin show good protection against the expected increase in blood pressure. The chronic hypertensive group (table  2) experimental renal hypertension and demonstrated a good therapeutic effect in some animals as indicated by a return of blood pressure to or near normotensive levels, and a fair to poor effect in the remainder of the group. In general, the levels of antirenin necessary to provide protection or therapeutic effect against the blood pressure rise associated with experimental renal hypertension, agree with those previously reported from this laboratory. 4 Spontaneous hypertensive dogs (table 3) , shown at sacrifice to be grossly and microscopically free from all signs of pyelonephritis or other known cause of hypertension, also show an apparent correlation between the amount of renal renin and antirenin. The differential in the ability of antirenin formed in the spontaneous hypertensive dogs to hog renin injections to neutralize the renins from dog and hog is indicated in the table and lias been described in greater detail by Katz, Skoni, and "Wakerlin.
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The effect of injection of hog kidney extracts containing renin without antirenin formation is shown by table 4. These two animals were treated with hog renins, with no detectable antirenin formation, for periods of 11 and 10 months, respectively. Constriction of the renal arteries resulted in an elevation of blood pressure to hypertensive leA'els. The renal renin content is not increased significantly above the saline-treated controls shown in table 2.
Contrary to the findings in dogs, no increase in renal renin was found in goats (table 5) injected with hog or dog renins and exhibiting serum antirenin. Bioassay studies have demonstrated that goat renin is not neutralized by antirenin formed against hog or dog renins.
Discussion
Pickering 12 has emphasized that although the amount of renin found in kidney at any one time will depend on the relative rate of formation and release, it measures neither. Nevertheless, many experiments which attempt to relate a systemic effect of renal pressor substances to the amounts found in kidCirculation Research, Volume X, April 19GS ney, are based on the premise that an increase in tissue level is associated with increased secretion. In general, the few experimental results available from the direct type of study, i.e., the measurement of both circulating and tissue levels of pressor substance, tend to support this premise. 13 In these experiments, it is difficult to conclude that antirenin acts to increase renal renin by blocking the release of renin from the cell in contrast to the usual formation of an antigen-antibody complex within the circulation. The findings from animals injected with hog renins without antirenin formation (table 5) are evidence that the increase in renin associated with the presence of antirenin is not the result of nonspecific effects. It appears more likely that the increase represents a compensatory mechanism stimulated by the neutralization of the action of renin or angiotensiu on a specific effector site which very well may be within the kidney itself. The assumption o£ an increased release of renin does not necessarily imply an increase in its action above normal as, no doubt, most of the increased secretion is immediately neutralized by the circulating antibody before renin can react with its plasma substrate to produce angiotensin or escape into the systemic circulation.
The difference in the relationship of renal renin content and antirenin titer between the normotensive and hypertensive animals, is difficult to interpret because of anatomical and, possibly, functional changes in the renal artery-constricted kidney. Kidneys removed from experimental renal hypertensive dogs show varying degrees of atrophy grossly, and microscopically exhibit fibrosis and parenchymal destruction. The renal artery constricted kidney may have, therefore, less renin on a weight basis, but actually may form and release an amount equal to or greater than the nonconstricted kidney. This may indicate a greater turnover of renin secondary to altered renal hemodynamics resulting from the constriction and, in these experiments, from the relatively low systemic blood pressure found in the presence of antirenin. The increased concentration of renal renin is related not only to the presence of antirenin but is dependent upon the ability of the antirenin to neutralize the pressor effect of the endogenous renin of the animal. The renin content of monkey kidney is not found to be significantly increased in the presence of large amounts of antirenin formed against hog or dog renins (unpublished observations). As has been known for some time, the renins of primates, including the human, are not neutralized by antirenin formed against nonprimate renins. 14 In almost all cases, the left kidney of the experimental renal hypertensive dogs has less renin content than the right. Although this finding was not statistically significant, it may have experimental significance since it does not occur to the same extent in the normotensive group which was not operated upon. In all eases, the left renal artery was partially constricted three weeks after the right artery. Wakerlin et al.° demonstrated that the renin content of the contralateral, unconstricted kidney, in a unilateral renal artery constricted animal, falls to zero or near zero level shortly after operation and remains there for at least 110 days, which was the duration of the experiment. Similar findings have been recently reported by Tobian and Haas and Goldblatt. Constriction of the renal artery of the previously unoperated kidney usually causes a rapid return of renin.
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The elevated renin concentrations in these experiments, stimulated by antirenin, do not appear to be influenced by the level of sys-
